W 25 v TS 0 A A A X A S AT 46 BB T H R R P S T Y S U 837

XEHE:1006-9941(2019)10-0837-08

B 75 BB [ AP I Z 4% X 3 SR 197 #1 68 JT BB IR 45 14 2 Mim B AR 0L
I E' 2 BYE REPH W BRER EFR

(MHEEIRFAMLER, LH BE 210094; 2. PETERPEA T KM IR RZA, W %M 621999; 3. THRIKRER
BARNE, #rT T 315722)

OB O TS BRI AR (TVS) T 21 SR T B B 33T 19 2 8000 A0 1R R, SR FH e B 400 R 38 0 A 285 4 1 T
1 AT A IO & K B S SO R A 2 TR PSpice ML RS AR AL BIFSY T TVS S HUM 1 SRR i T F M R TR B R i
SR, M R R R LB R 288 mQ, BH L AR SRR BE LR 0.68 pH, AR AL 40 nH A BN HLBH A 3.3 mQ B, 22 wF/
16V HL 28 0 HL 2 R 1% 14 45 20 Pl RS RU R SIE PR o A BHL B - B 1 471 AR R 1) 5 X0 11 2 R M PSpiice HL T 2 2 A5 200 A5 401 il 2k
NS R WA FLASE AU H B A O 22 /N1 3% o AEALURNIA 50 45 SR I TS 2 5 DR T Hh J M 8 11 52 il 22 2 i o L o 2 Wl R 1 T
TR . 4 TVS (A 2 i R AE 8~12 V 2Z ) B, B TVS o 2 o0 FRAIR 20 AT 22 R, 2 S OR MR 4TS B I 6 48 %, TVS ol 2 3 il

535 BOP S A B R AEIR (2 ws) , HLAE IR I ] B TVS o 5 L 1 R IR T AE 4

KW 2 RN (SCB) 5 Bk A F 304 A% 48 5 fl 4 1
hESEE: T)45; 038 XERFREARD : A

DOI:10.11943/CJEM2019007

1 318§

2 Sk 47 (semiconductor bridge, SCB)ff i —Ff
B KT BAT IR RN R K BE SRR i B LR T
FEPEA S AT B RE R S A kT
dn & K BE AL T 5 m), i /2 500 pF/25 kV/5000 Q )
N FL O H S T AN R ORI 2 4 i SR R I
AU AL T Cande 22 20K i) B 9 . |
VA S R N i R N A Z-E = B S = e ol O (S o
Hop= Az iz S A A AR R AT AN AT A 2 1 52 B
R b . WRE R AR TR E IS E K
Az T A - B0 R -5E 22 () A - TR e P T T Y S
FE R AR A A ] A OB O K AR T 5]
23], 3 K T K oK o e A B - T 8 o e e i
ST CE S2 IEN iR eN i R N DR SR € T G N

WKt AEI: 2019-01-08; & E HH: 2019-03-25

W 4& H R B #3: 2019-05-08

EER N E40(1991-), B W+ 05k, =2 G SN LT
i LB R METF 5 . e-mail : 314103002325@njust.edu.cn
BEBERAN: AW O71-), 2, BIHE 5, 52 N4l T

B 98 . e-mail : zhoubinnust@126.com

sty -5 5] A B0 5 P 0 o - ) 5 Pl ) S R B
SR T i 1 R KT R 3 e (A0 & KBRS DT
A QR (N N e SR B | 2 v R S
fig i JF — 2 mK B S ok TR AN R K
3 3t 7 2 SR KT A - i) A b e e i
TOPETT (N FF 9 AT A E A A A A
FE A HL B R ESD # LB A AR ) ok
A W 0 BB O W A Y PR BB AR L DA T SIE BN 2 SRR ok
T A A T A R [

e FEL R T A T2 S AR T A i [ B
o L TR R (1) B0 A e T T 1 S fE X
s SR A AR R BB i Y 5 (2) i E Y OT R R
g A0 3] o P SR . R SR v — Bk o L R
KT KT & Kk T ) v it BT 8 3R B AR IE T
AN S RE T Y H R BB A R T, SRR 8 R B
TR ER A BT Y e T o s R
FE KT T & O TR AT RE A7 A 5 e 1 255 S ook
55 B 2 A4 [R]85 7 > o 2R BRI TR TR R KL
B, B AR R R A TR T (E 2 e ER T R
TR 23 06 T 1 R AR B o R i (A R R ) o
PRIt e o T2 O 2 B R AR AR — A I Bl .

SIRA: £4 5, 5%, 45 RS TR0 ) B X o S R J6 BE G HL R VRS A R BT, % BE RS RE, 2019, 27(10):837-844.
WANG Jun, LI Yong, LU Bing, et al. Simulation of the Influence of Transient Voltage Suppression Diode on the Electro-explosive Performance of Semiconductor
Bridge Initiator[J]. Chinese Journal of Energetic Materials(Hanneng Cailiao),2019,27(10):837-844.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % % 104 (837-844)



838

ERE T A BRI R

AR, B N Ah o R T LR T R D7 EC AR DL Y
7 15 X KT il R AT R 0 [ B (ER T R A
HR T E A0 TN e R B A A EUR e L A ] AR
{19 07 LA TS T L R A X 2 S R A AR
PERE (1952 Wi A7F 58 AR X 45/ o

AWEFEEE T PSpice ff ELF  RR T LA TUR
R KA H B A RO R R R R B PSpice HL A% F
R A R T vk o LR A O 9 5 5O 0 DR, ek
Wk 25 F A ) AR A (TV'S) iy i vl i [ g 14 3 i A
AR 255 T EIEY T TVS S S8R L xf 2
PR $6 RE T H 8 A5 1k 10052 e LR A TVS 4 2 iy i
FLEE

2 LIGER 4

21 KWEHEMEIE

IR T 2 ST R g5 1a iR S
BN REILR R A R 2 AR R 2 A
B, P HF X AR (L) 72 pm, 58 (W) R 250 wm, £
pnEEB AR E 107 em ™ R JE R 2 pmo 5 )5 28
TR, I T 2 T AT S R ACHE AT VTR Y B 2E
SRS U NS @1 N E Y ) B2 W o S N
O R U A B e SE TR e O B R Ak B S R A
HEA Ik TG 2208 2 SRR S R P il o0 5
W 5 SE WS I ZR AR |, B Jm S IR IR B 22, B
Je B SR B ZE I B 1b TR o

bridge area  contact pads =

polysilicon \
L o— — 4
= L )
L — — — — — |
a. SCB chip
32|
A

b. SCB electrode plug

1 RS R A A
Fig.1 Schematic diagram of the SCB chip and SCB electrode
plug
2.2 BRESEEMEZRE

TVS 10— Ffr L i O 0 2 1, BAT AR BUD (I8 {H )
R Wi PO S [ R (I A 0 2 ) 0L fia 75 47 1 s T PR T

Chinese Journal of Energetic Materials, Vol.27, No.10, 2019 (837-844)

WU fiE ) 454 0 . R FH Vishay 28 ®lAE 29 TVS (R
4% % H SMDJ6.0CA. SMDJ8.0CA., SMDJ12CA il
SMDJ18CA ) > BF 5% . XF 2 T (A A7k Fi 8 1 i 119 5% i 0
. SMDJ R A Y BB R g W R R Rl R %
600 W By Jik nh g {2 %, 8.0 /0K TVS B ZFHL R Ny
8 V,CA /R TVS &ML B, TVS FEA S 5 4 1 i
7, H AR R B 5 -65~150 °C,

R1 OTVSHEAZK

Table 1 The basic parameters of TVS diode
maximum
) breakdown . junction
size clamping .
Parameter voltage capacitance
mm v voltage /oF
/v P
SMDJ6.0CA 6.6-7.3 10.3
SMDJ8.0CA 8.8-9.8 13.6
4.06%3.30%1.99 1360
SMDJ12CA 13.3-14.7 19.9
SMDJ18CA 20.0-22.1  29.2
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Table 2 The comparison of electric discharge characteristic

between the experimental and simulated results(22 wF/16 V)

data burst time / s burst energy / m])
experiment result 6.770 0.589
simulation result 6.946 0.587
difference 2.6% 0.3%
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Table 3 The burst time and burst energy of SCB initiators(22 pF/16 V)

sapmle burst time / ps mean of burst time / s o/ us burst energy/ m) mean of burst energy / mJ o/ m)

SCB-1 6.990 0.607

SCB-2 6.711 0.615

SCB-3 6.177 6.470 0.468 0.560 0.576 0.038

SCB-4 6.770 0.589

SCB-5 5.701 0.509
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Table 4 The electric discharge characteristic data of the simulation results

sample SCB SCB+SMDJ8.0CA SCB+SMDJ10CA SCB+SMDJ12CA SCB+SMDJ15CA SCB+SMD]J18CA

T/ ps 6.946 10.05 7.817 7.105 6.948 6.946

E/m) 0.587 0.573 0.574 0.588 0.588 0.587
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Table 5 The electric discharge characteristic data of the experiment results

sample SCB SCB+SMDJ6.0CA SCB+SMDJ8.0CA SCB+SMDJ12CA SCB+SMDJ18CA
T/ ps 6.470 - 8.375 6.283 6.040
E/m) 0.576 - 0.486 0.521 0.533
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Simulation of the Influence of Transient Voltage Suppression Diode on the Electro-explosive Performance of
Semiconductor Bridge Initiator

WANG Jun', Ll Yong®, LU Bing’, ZHOU Bin', CHEN Hou-he', HUANG Yi-bin'
(1. School of chemical engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China; 3. Ningbo Zhenhua Electrical Equipment Co Ltd , Ningbo 315722, China)

Abstract: To investigate the parameter optimization problem of the transient voltage suppression diode (TVS) device used in the
anti-electrostatics design of semiconductor bridge (SCB) initiator, a capacitor discharge ignition equivalent circuit and a SCB ini-
tiator model were established in the PSpice software. In the PSpice circuit simulation software, the influence law of TVS parame-
ter variation on the electro-explosive performance of the SCB initiator was studied. The results show that for 22 nF/16 V capacitor
discharge ignition circuit, the simulation circuit was in good agreement when the wire inductance was 40 nH, while the loop re-
sistance is 3.3 m(), and the equivalent series resistance and inductance of tantalum capacitor is 288 mQ and 0.68 pH, respec-
tively. By comparing the electro-explosive curve and data, the SCB initiator model created by the impedance-energy list exhibit-
ed higher accuracy. There were two thresholds for the effect of TVS on the electro-explosive performance of SCB. The SCB failed
to burst when the TVS breakdown voltage was less than 6 V. When the breakdown voltage of TVS was between 8-12 V, the SCB
could burst normally even if the TVS breakdown voltage was lower than the voltage for the ignition of the semiconductor bridge.
But the shunting effect caused by the breakdown of TVS caused the delay of burst time, and the delay time increased as the TVS
breakdown voltage decreased.

Key words: semiconductor bridge initiator(SCB) ;transient voltage suppression diode;electro-explosive performance
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